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IMPROVING  THE  DURABILITY  OF  CiiLRT 

by 

S.  Popovics,  Graduate  Assistant 

PURPOSE  OF  Tiffi  TLST 

It  is  well  known  that  there  are  scrae  kinds  of  chert  which  are  r 
suitable  Tor  making  concrete  because  they  .nay  cause  deterioration  of  th9 
concrete  when  it  is  subjected  to  freezing  and  thawing.  According  to 
existing  research,  the  cause  of  this  is  that  these  chert  particles  do 
not  have  adequate  durability  because  of  the  nature  of  their  pore  systems* 
Consequently,  two  methods  offer  themselves  for  stopping  this  injurious 
effect: 

a.  The  chert  particles  of  poor  quality  should  ba  removed  from 
the  aggregate o 

To  accomplish  this,  the  fact  that  the  specific  gravity  of  the 
chert  particles  of  poor  quality  is  lower  than  2<,55  can  be 
utilised*  Thus,  these  particles  can  be  separated  by  a  centrifugal 
machine  or  by  means  of  some  liquid  of  high  specific  gravity. 
This  method  has  been  already  employed  on  a  number  of  jobs0 
bo  A  simple  treatment  should  be  done  to  chert  particle 3« 
For  this  treatment,  it  is  required  that,  as  a  result^  the  water 
absorption  of  chert  decreases  by  a  still  harmless  value;  but 
simultaneously,  this  treatment  should  not  have  any  harmful 
effect  on  the  concrete  made  with  the  treated  chert.  This  method 
might  be  needed  in  addition  to  the  method  mentioned  above  in  (a), 


because  In  many  eases  the  quantity  of  the  chert  particles  of 
poor  quality  is  so  large  that  the  separation  method  is  not 
economical. 

The  purpose  .of  this  test  program  was  to  try  out  such  a  simple 
method  of  treatment* 

THE  FIWDMLWTAL  PRINCIi'LE.3  OF  THE  MEiTH 

The  test  method  utilises  the  fact  that  diluted  solutions  of  sodium 
silicate  (water-glass)  end  calcium  chloride  react  with  each  other,  the 
result  being  a  solid  compound;  namely,  calcium  silicate,  which  is 
insoluble  in  water.,  .  The  equation  of  the  process  i3s 

K»2Si03  7i    CaCl2  — *  Ca  SiO^  /  2  Na  Ci 

If  this  reaction  takes  place  in  pores  of  the  chert,  it  is  expected 
that  the  ealcicm  silicate  which  is  produced  will  close  most  of  the  pores j 
consequently,  the  water  absorption  of  chert  particles  vail  decrease 
considerably. 

Calcium  silicate  does  not  affect  concrete  because  it  is  insoluble 
in  water;  sodium  chloride  (common  salt}  does  not  affect  concrete  either 
n  in  a  small  quantity* 

MAT LRIALS  USED 

The  aggregate,  from  which  the  chert  was  separated,  was  82-1&,  By 
means  of  a  suitable  mixture  of  carbontetrachloride  (  Y  ~   i«53)  and 
acetylentetrabromide  (  T  =  2.97),  those  particles,  which  had  a  specific 
gravity  of  less  than  2.50,  were  separated  from  the  aggregate  and  from 
these  particles  the  chert  particles  were  selected  bj   visually.  The  tests 
ware  then  carried  out  with  these  chert  particles. 


For  testing  the  chert  particles,  technical  grade  water-glass  of 
40°  -  42°  Be-  and  anhydrous  calcium  chloride  were  used.  The  concentra- 
tion of  the  solutions  used  was  generally  10  percent.  This  meant  the 
following: 

a.  To  1  unit  weight  of  water-glasss  3  unit  weights  of  water 

were  added 
b0  To  1  unit  weight  of  calciua  chloride,  9  unit  weights  of 

•  water  was  s&d 
The  temperature  of  the  soiut     'as  generally  22~230G„ 

HiiTKOD  OF  TEST  MD  TLSfl^G  KE3U1TS 

The  samples  of  chert  were  dried  out  after  which  they  were  placed 
into  solutions  of  calcium  chloride  and  water-glass  in  various  ways3 
and  finally  the  water  al     .ion  was  determined  again.  The  difference 
bet-     le   values  of  the  water        3  before  and  after  the  treat- 
ment was  considered  as  a  measure  of  the  effectiveness  of  the  treatment. 
The  plan  was  that  a  bigger  quantity  of  chert  would  be  treated  with  the 
most  efficient  methods  and  durability  tests  of  concrete  made  with  these 
treated  cherts  will  be  carried  out. 

The  results  of  the  performed  tests  are  reported  with  a  few  excep- 
tion s,  in  chronological  order.  The  basic  idea  of  the  test  in  question 
is  explained  briefly  before  presenting  the  results  of  the  test,-, 
Treatment  First  with  Solution  of  Water-gli 

The  first  experiment  was  carried  out  in  the  simplest  way,  ao 

follows?  the  chert  sample  was  placed  into  the  solution  of  water-glass 

for  10  seconds,  immediately  after  this  it  was  placed  into  the  soiuti  ■ 

1. 
of  calcium  chloride  for  10  seconds,  afterwards  it  was'hsld  on  room  air 

for  two  minutes,  then  placed  into  i-ater  in  order  to  perform  the  control 


water  absorption.  The  results  of  the  tests,  shown  in  Table  I,  indicate 
that  this  method  of  treatment  is  ineffective. 

TABLE  I 
Water  Absorption  of  Plain  and  Treated  Chert s  %  by  Weight 
Treatment:  10  see.  in  water-glass  sol.,  10  sec  in 
cale„  ehlor.  sol.,  and  2  ain.  in  air. 


:    Sample 
Designation 

Plain 

Sin_gle 

Avg^ 

Treated 

1 
17 

32 

3.80 
2.10 
2.70 

Jk§Z 

4,00 

2.14                      3.05 

3.00 

Consequently,  this  method  of  treatment  is  very  ineffective. 

In  the  previous  test  chert  was  placed  in  water  2  minutes  after  the 
treatment*  Theoretically  this  procedure  should  not  influence  the  water 
absorption  of  treated  chert  because  calcium  silicate  is  insoluole  in 
water.  However,  it  was  necessary  to  prove  in  the  beginning  of  the  tests 
whether  the  above  assumption  also  is  true  practically.  Therefore,  the 
previous  tests  were  repealed  by  keeping  the  samples  in  room  air  for  24 
hours  after  the  treatment  and  before  the  control  water  absorption,  ai 
only  after  this  were  they  placed  in  water.  The  results  of  the  test  are 
shown  in  Table  2. 

TABLE  2 
Water  Absorption  o£   Plain  and  Treated  Chert,  %   by  Weight 
Treatment:  10  sec,  in  water-glass  sol.s  10  sac.  in 
calco  chlor0  sol.,  and  24  hours  in  air. 

___     Treated 
Avgo  Avgo 


Sample 
Designation 

.1    II   ■!?        Ill   111                 n 

Plain 
Single 

27 
29 

6 

2.80 
4.20 
2.20 

2.54 

3„07        3»45 

2.73 


As  was  expected,  bhs  longer  storage  in  air  after  treatment  does  not 
have  any  significance  on  the  effect  of  the  treatment* 

Other  reasons  for  i  hs  lack  of  effectiveness  oi  ths  treatment  might 
be  that  too  small  a  quantity  of  the  solution  penetrates  into  pores  in 
the  time  permitted,.  Therefore,  in  another  test  tne  samples  were  treated 
in  the  solution  of  water-glass  for  3  hours.  The  results  of  this  teat 
are  shown  in  Table  3o 

TABLhi  3 

Water  Absorption  of  Plain  and  Treated  Ghert,  %  by  height 

Treatment;     3  hrs.  in  water-glass  sol.,   10  ::iin.  in 

ealc.  chlor.  sol.,  and  2  min.  in  air. 

Sample  ,    ,  ,.   ,  Plain ^  ^    Treat ed ^ 

Designation  Single  42£i.  Single  M&g. 

16  10.80  10.10 

25  2.10  ZJ&  2.08  ^2jt 

10  3.  W  3-53 

The  previous  test  was  repeated  so  that   the   samples  were  held  in 

room  air  for  24  hours  after  the  treatment  and  before  the  control  water 

absorption.     The  results  of  the  test  are  shown  in  Table  4- 

TABLE  4 

Water  Absorption  of  Plain  and  Treated  Chert ,  %  by  weight 

Treatment:     3  hrs.  in  water-glass  sol.,  10  min.  in 

ealc.   chior.   sol.,  and  24  hrs.  in  air. 

Sample  Plain  r_Tre_abed 

Designation  Single  ASLs.  Single  M£a 

13  1.80  1.74 

20  3*10  2^A  2.66  2.23 

21  2o40  2.28 

The  longer  storage  in  air  after  treatment  does  not  nave  any  significance 
on  the  effect  of  treatment  even  when  using  tn«  longer  immersion  time. 


Rate  of  Reaction 

A  possible  reason  for  failure  of  the  tests  described  could  be  that 

the  speed  of  reaction  between  the  solutions  of  water~glass  and  calcium 

chloride  is  too  high.  As  a  result,  a  calcium  silicate  stopper  is 

formed  in  the  opening  of  pores  immediately,  and  this  hinders  the 

solution  of  calcium  chloride  from  penetrating  further  into  the  pores* 

A  reduction  of  the  reaction  speed  can  be  produced  in  various  ways. 

One  possibility  is  that,  after  iransrsion  in  the  first  solution,  i.e.,  in 

the  water-glass  solution,  the  particles  are  dried  causing  part  of  the 

water-glass  to  become  solid.  Therefore,  when  the  particles  are  placed 

into  the  second  solution,  there  is  a  reaction  between  the  partly  solid 

water-glass  and  liguid  calcium  chloride;  the  reaction  speed  in  this  case 

is  considerably  lower  than  that  between  the  two  solutions.  Thus,  the 

solution  of  calcium  chloride  can  t.enetrate  deeper  into  the  poreso 

Three  different  methods  of  drying  were  employed.  The  results 

of  these  tests  are  shown  In  Tables  5  -  7» 

TABLE  5 

Water  Absorption  of  Plain  and  Treated  Chert,   ■£  by  tfoight 

Treatments     2  hrs.  in  water-glass  sol...  the  surface  of 

particles  dried  with  compressed  air,  l/2  hr<> 

in  calc.  chlor.   sol.,  and  2  min.  in  airc 

Sample  Plain SSgJfift— 

Designation  Single  Av&.  &£&£.  MSi 

'tO  7.35  5*2? 

34  1^93  k£k  3.00  91 

33  S6  3-52 


TABLE  6 

Water  Absorption  of  Plain  and  Treated  Chert,  %  by  Weight 

Treatment:     2  hrs.  in  water-glass,  24  hrs.  in  room  air, 

1/2  hr.  in  calc.  chlor.  sol.,  and  2  min.  in  air. 

Sample  Plain  Treated 

Designation  Single  MBi.  §iE£ift  AYR?, 

39  5.30  5*45 

46  3.64  4^04  3.52  4^01 

48  3. 18  3.06 

TAbiiS  7 

Water  Absorption  of  Plain  and  Treated  Chert,  %  by  Weight 

Treatment t     2  hrs.  in  water-glass  sol.,  3  hrs.  at  105°  C, 

1/2  hr.  in  tale,  chlor.   sol.,  and  2  min.  in  air. 

Sample  ^        P-M*in  — _— Treated  . 

S§Si3SiM2S  Single  Ayg.  Single  &£&£. 

42  5.26  5.00 

44  4*35  AsSl  4.83  &*2L 

According  to  these  results,  the  drying  between  tne  two  immersion 

does  not  have  any  influence  on  the  effect  of  treatment. 

hepeated  Treatment 

An  attempt  was  made  to  increase  tne  absorption  of  the  solution  by 

treating  the  sa-iples  with  the  solutions  not  once  but  several  cimes. 

The  results  of  these  tests  are  snown  in  'fables  8 "—  11. 

TABLE  8 

i/ater  Absorption  of  Plain  and  Treated  Chert,  %  by  Weight 
Treatments  2  hrs.  in  water-glass  sol.,  2  min.  in  calc 
chlor.  sol..  2x  (2  min.  in  water~glass  sol., 

and  2  min.  in  calc.  chlor.  sol,),  and  2  rain,  in  air 

Sample  Plain Treated 

Designation      IIssST"     &SS»        Single       Avgc. 

18  1.50  I'tfl 

13  1.80        2^  1.24       A&22 

27  2.80  1*56 


TABUi  9 

V.'ater  Absorption  of  Plain  and  Treated  Chert,  %  by  Weight 

Treatment:     2  hrs.  in  water-glass  sol.,   10  rnin.  in  calc,   chlor.   sol,, 

2s  (2  min.  in  water-glass  sol, s  and  2  min.  in  calc.  chlor.   sol.), 

and  2  rain,  in  air. 

Sanipls  JllJJL..^..^  _  am^_m       Treated 

teaignation  S^SSlS  h&s.  1155"  "SEII 

17  2.10  0.72 

25  2.10  2/70  1.02  3^34 

9  3*90  2.29 

TABLE  10 

h'ater  Absorption  of  Plain  and  Treated  Chert,  %  by  '.eight 

Treatment:     2  hrs.  in  water-glass  eol.a  1/2  hr,  in  calc.   chlcr.   sol., 

2  jc(2  min.  in  water-glass  sol,,  and  2  min.  in  calc,  chlor,  sol, )s 

and  2  rain,  in  air. 

Sample  .-flgi^        r r    Treated  _ 

Designation  Single  tdBs.  JUilSiS.  ~  hgj&u 

16  10.80  10.00 

21  2,40  5^53,  1.74  iapO 

10  3.Z.0  3,25 

TADLh,  11 

Water  Absorption  of  Plain  and  Treated  Chert,  %  by  height 

Treatment:     3x  (5  min.  in  water-glass  sol.  and  5  min.  in  calc  shlor.   sol.). 

and  2  rain,  in  air. 

Sample  £lgjjL„ ■-,,-  $??&@& 

Designation  Single  MSs.  Single  Mla2. 

3  4.40  3.50 

1  3*80  Ml  3.69  hlk 

20  3.10  2.22 

Tables  8-11  show  that-  repetition  of  treatment  effects  a  slight 
reduction  in  the  water  absorption  of  chert. 


y 


Tests  of  the  Process  of  Solution  Absorption 
The  failure  of  the  previous  trials  necessitated  a  teat  to  determine? 
how  much  fluid  penetrates  into  the  pores  of  chert.     Therefore^  the  process 
of  water  absorption  and  absorption  of  the  two  solutions  was  tested  with 
six  plain  chert  samples.    The  results  of  the  tests  are  shown  in  Tables 
12-14  and  in  Figure  1. 

TABLE  12 
Process  of  the  Water  absorption  of  plain  tfhert 


Sample 
Designation     ljir. 


Jj^^gg^.fibsprp;tion_t^  by  .weight 
2thrs.~       g  hra»  24  hrs. 


52 
53 
54 
55 
56 

59 


0.30 
1.32 
1.39 
1.0? 
0.97 
0.24 


0.30 
1.63 
1.77 
1.35 
1.15 
0.28 


0.36 
1.88 

1.S5 

1.39 

1.30 

0.39 


0.68 
2.09 
2.40 
1.87 
1.71 
lo02 


TABLE  13 

Process  of  the  xsater-glass  sol.  absorption 

of  plain  chert 

Sample  Water-glass  absorption,  %  by  weight 

Designation     l_hr.         2  hrs.  Ijjrs.  "gjJS&a. 


54 
55 
59 


0.84 
0.40 
0.10 


1.14 
0.48 
0.10 


1.26 
0.60 
0.15 


2o32 
1.15 
0.39 


TABLE  14 

Frocess  of  the  bale,  chlor.   sol.  absorption 

of  plain  fihert 

Sample  Gale,  chlor.  absorption.  #  by,  weight 

Designation     1  hr,_     '"  2  hrs.  2_brgo.  EkJSSS^ 


53 
56 
52 


1.75 
1.43 
0.51 


2.17 

1.62 
0.55 


2.30 
1.62 
0.55 


2.63 
1.94 
0.90 


VgCUUgl 

1.96 
3o76 
5ol0 
3o85 
2o77 
lo50 


2  3  24 

TIME  IN   HOURS  flog,  scale) 
FIG.  I.      WATER    AND  SOLUTION   ABSORPTION   OF  PLAIN    CHERT   AS    A 

FUNCTION    OF  TIME 


vacuum 
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The  results  in  Tables  12-14  show  the  following  (see  Figure  l)s 

a.     During  first  two  hours  most  of  the  24  hrs,  fluid  absorption 

takes  place o 

b0  The  speed  of  penetration  of  the  caleiura  chloride  solution 
i3  higher  than  that  of  water,  whereas  that  of  the  water- 
glass  solution  is  lower.  Consequently,  the  speed  of 
penetration  of  the  water-glass  solution  i3  much  lower 
than  that  of  the  calcium  chloride  solution.  In  order  to 
verify  this  statement,  an  additional  test  was  carried 
out.  The  results  of  this  test  are  shown  in  Table  15. 

TABUS  15 
Test  of  fluid  absorption  of  plain  chert 

Water  absorption  Absorption  of  water*-  Absorption  of  calc0 
Sample      %  by  wt»     glass. sol,,  %  by  wto  chlor.  sol. .  %   by  wt0 
Seaigiation    2ZL£rSo      _U2£2&  3kj£*s.      _!*£&.   24  hrs, 

22        3*30         0.84     1*59      —        — 
29         4.20  0.28     0.62       —         — 

8        2.60  0.26     0.40 

24        3.30         —      —        3»49       4*57 

32        2.70         —      —        1.22       3.37 

6        1.80         —      —        1,58       2,84 

The  results  of  Table  15  support  the  preceeding  statements  concluded  on 
the  basis  of  Figure  1.  However,  it  appeared  from  these  results  that  the 
hitherto  employed  order  of  treatment  1.  water-glass  sol,,  2*  calc.  chlor. 
sol. —was  not  the  proper  one  because,  in  the  case  of  equal  immersion  time3, 
a  larger  qua  .tlty  of  calcium  chlorice  solution  can  ^"©trate  into  the  pores 
than  can  a  water-glass  solution.  Consequently,  a  reversed  order  of 
immersion  might  result  in  a  treatment  which  is  more  efficient. 

The  order  of  plunge  employed  hitherto,  however,  was  not  accidental. 
Some  free  material  always  remains  from  the  last  solution  on  surface  of 
particles.  Calciftm  chloride  is  quite  neutral  for  concrete  when  in  such 
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a  small  quantity,  but  a  small  quantity  of  water-glass  eari  easily  cause 

a  disagreeable  localised  flash  seto     In  order  to  avoid  this,  the  immersion 

order  mentioned  first  was  chosen. 

Treatment  First  with  Solution  of  Calcium  Chloride 

On  the  basis  of  the  results  shown  in  Tables  12  -  15,  the  chert 

particles  were  further  treated,  first  with  a  calcium  chloride  solution 

for  various  times  and  then  with  a  water-glass  solution.     After  this,  it 

was  necessary  to  neutralize  the  free  water-glass,  by  a  quick  immersion  in 

calcium  chlox^ide.    The  results  of  the  tests  are  shown  in  Tables  16  -  21o 

TABLE  16 

Water  Absorption  of  Plain  and  Treated  Chert,  %  by  Weight 

Treatment:     10  sec.  in  calc.  chlor.  sol.,  10  3ec.  in 
wafcer°glass  solo,  10  sec.  in  calc.  chlor.   sol<,8 

and  2  min*  in  air. 

Sample  ._ Plain  Treated  i 

Designation  Single  h£Es.  SLSfilsL  ',-'' 

22  3.30  2.27 

3  4.40  £o41  3.13 

8  2.60  2.26 

TABLE  17 

Water  Absorption  of  Plain  and  Treated  Chert,  %  by  Weight 

Treatments     10  sec,  in  calc.  chlor.  sol.,  10  sec.  in 

water-glass  sol,,  10  see.  in  calc.  ehlor,  sol., 

end  24  hrs.  in  airo 

Sample         __ Plain Treated  ni , 

Designation       Single"     Avgo,        M£^"  $£&su 

18         lo50  1.55 

24         3oB0        3-02        3o53        ^23. 

9  3o90  4.31 


TABLS  18 

Water  Absorption  of  Plain  and  Treated  Chert,  %  by  Weight 

Treatment:     10  min.  in  caic.  chlor.  sol.,  10  ndn.  in 

water-glass  sol.,  2  rain,  in  calc  chlor.   sol.., 

and  2  rain,  in  air0 

Samplo  Plain  Treated 

I^ai^ation  Sjugle  MSa.  Single  Avgo 

40  7*35  5.65 

42  5.26  5^5J  >02  i*22 

51  4.09  5.20 

TAdLb  19 

V.'ater  Absorption  of  Plain  and  Treated  Chert,  %  by  '..eight 

Treatments     30  rain,  in  calc.  chlor.   sol.,  10  rain,  in 

water-glass  sol.s  2  rain,  in  calc.  ch.or.  sol., 

and  2  sin.  in  air. 

Sample  _^r-.  Plain _ Treated 

Designation  Single  ASai  Single  Miit 

39  5.30  5.48 

61  3.89  4^05  4.12  ^04 

64  2.96  2.52 

T..DLL  20 

Hater  Absorption  of  Plain  and  Treated  Chert,  f>  by  height 

Treatment:     1  hr»  in  caic.  chlor.  sol*,  10  rain,  in 

water-glass  sol.,  2  rain,  in  calc.  chlor.  sol,, 

and  2  sdn,  in  air. 

Sample  Plain        Treated 


f^Jik&lkiSji  .§HtsiL§.  MSs.  Single  Avgo. 

48  3. 18  2*92 

57  3*71  2^21  3.99  3^6 

60  3.10  3-16 


. 


TABLE  21 
itfater'  Absorption  of  Plain  and  Treated  Chert,  %  by  Weight 
Treatments     2  hrs0  in  cale.  chior.  sol.,  10  mia.  in 
^atsr-glass  sol. s  2  min.  in  cale.  chior.   sol.? 
and  2  ssin.  in  air. 

Sample  Plain  Treated 

Dssignatio^  Single  Ag,  Sin/lis^  AvjS» 


33  3-66  3-69 

44  4*35  3»72  4.13  JU2&. 

58  3oi5  3-42 

It  is  sesn  from  the  results  shown  in  Tables  16  -  21  that  even  the 

reversed  order  of  inaaersion  does  not  decrease  the  water  absorption 

significantly* 

Treatment  by  Means  of  Vacuus 

In  order  to  increase  the  solution  absorption,  chert  particles 

war®  saturated  with  the  solution  of  calciuia  chloride  by  rasans  of 

racuua|  after  which  they  were  placed  in  the  solution  of  '-/ater-glasso 

The  re3ults  of  the  test  are-  shown  in  Table  22 0 

TABJS  22 

Water  Absorp  :?,  Plain  and  Treated  Chart..  %  by  Weight 

Treatment!     24  hrs.  in  ealc.  chior.   sol.  (with  vacuum)* 

16  hrs,  in  vrater-glass  sol.,  2  sin.  in 

calc«  chior,  sol.,  and  16  hrs.  at  105°  C.. 

3§5jple  ^_™_™_J!dgiE™-~-~--  Treated  ^ 

Degajignation  -Single  Avg.  M^SfiiS  M&s. 


57  -3.71  3*06 

71  lc:  2*06  1»76  2oS3 

76  3-60  ■    3o82 

Sorae  decrease  in  water  absorption  appears  bub  store  is  desirable » 


In  order  to  slew  the  chemical  re  action  ^   sobs©  chert  samples  were 
dried  in  '/arious  ways  after  the  treatment  with  calcium  chloride  solution 
in  vacuum  and  before  the  treatment  with  water-glass.    The  results  of  the 
test  are  shown  in  Tables  23  -  26. 

TABLE  23 
Water  Absorption  of  Plain  and  Treated  Chert 5  %  by  Weight 
Treatment:     24  hrs*  in  caic.  chlor.   sol.  (with  vacuum). 
24  hrs.  in  air^  16  hrs.  in  water-glass  sol.s 
2  rain,  in  calc.  chlor.   sol.,  and  3.6  hrs.  at  1Q5°G«, 

Sample  ^-,.       .^JL-, ._  Treated 

Avg.  Single  Avgo 


Designation 

Sing. 

72 

2.  SI 

44 

4.35 

58 

3.15 

53 

2.09 

54 

2,40 

55 

1-87 

56 

1.71 

59 

1.02 

1.94 

2,00 
1.82 
2*L2  1*35  1»22 

0.83 
C.7S 
0*91 
0.10 

TABUS  24 

Water  Absorption  of  Plain  and  Treated  Chert.  %  by  Weight 

Treatment;     24  hrs.  in  sale,  chlor*   sol.  (with  vacuum)  <, 

the  surface  of  particles  dried  with  compressed  air, 

16  hrs.  in  water-glass  sol,s  2  rain,  in  calc. 

chlor*  sol. a  and  16  hrs.  at  1Q5°G. 

Sample  _, gyjj£L„— ^^,  Treated 

Designation  Single  Avg.,  StnsJfl  \    \ 

60  3.10  1.77 

65  3-23  2o7J  2D85  &!£ 

66  1.97  l-89 


25 
Water  Absorption  la  and  Treated  Chert,  %  by  Weight 

Treatm  in  ealc,  chlor,  sol*  (with  vacuum), 

2  hrs,  at  I05°C«S  after  cooling  down  16  hrs.  in 
water-glass  sai*#  2  sin*  in  cale.  chlor.   solo, 
and  16  hrs=  at  105^0 „ 

■le  :-4SL__ 


^i 


1*03 
*  3^?2  2.32  2.^2 

TABLE  26 
Water  Absorpi  ,rb,  $  by  height 

Tr  <  chlor.  sc-i.  (s&tfe  vacuum)  o 

2i:.  hrs.  at     .,  after  cooling  down  16  hrs.  i& 
wat©r~gla    1»,  2  aia.  in  calc.  chlor*  sol., 

iple  da  eaisd 

Sii?  Single  S6 

n  3=  1.33 

32  2.70  0.20  0.79 

a  result  .on,  soiss  deere     ?pears  in 

j,er  absorption,  however,  a  greater  decrease  is  desirable, 

■-V-.   -jig  &he  reactios  speed  is  to 

reduce  the  concentration  of  one       solutions,  it  s 

to  keep  the  concent        the  calcium  chloride  solution  at  10  percei 

.  reduce  the  concents     of  the  water-glass  solution  to  .5  percent. 
The  results  of  t!  n  Tables  2?  and  28? 


TABLE  27 
Water  Absorption  of  Plain  and  Treated  Chert,  %  by  '..eight 
Treatments     24  hrs.  in  calc.  chlor,   sol.  (with  vacuus), 
the  surface  of  particles  dried  vdth  compressed  air, 
16  hrs.  in  water-glass  sol.  of  concentration  of  5;3, 
2  rain*  in  calc,  ch3or.   sol.,  and  16  hrs.  at  1Q5°C. 
PiQ  ^  Jllain t  r  m  Treated     , 

22  3.30  1.; 

61  3.B9  3^63  2,  2^24 

69  3.S5  2»58 

TABLE  23 

V/ater  Absorption  of  Plain  and  Treated  Chert.,  %  by  Weight 

Treatment:  24  hrs.  in  calc.  chlor.  sol.  (with  vacuum  )j 

24  hrs.  at  1Q5°C«,,  after  cooling  down  16  hrs«  in 

water-glass  sol.  of  concentration  of  5%s  2  ndn. 

in  sale,  chlor.  sol.,  and  16  hrs,  at  1C5C00 

Plain  Treated 


Designation  %B  Ays 

62         6.23  5-78 

S4         4.51        k^O  3-64        3^22 

25         2.10  Oo33 

result  of  this  treatment,  sorae  decrease  appears  for  wati 

absorption  in  Tables  27  an:  iut  a  greater  decrease  is  desirable. 

It  is  possible  to  assist  the  penetration  of  the  water-glass 

solution  into  the  pores  in  such  a  way  that  the  chert,  treated  with 

calcium  chloride  solution  and  then  dried,  is  placed  into  the  water-glass 

solution  in  a  warm  state,     Because  of  the  contraction  of  cooling  air  in 
the   poreSj  the  water-glas,  1  penetrate  into  the  chert  in  e 

larger  quantity  than  if  the  particles  had  received  the  solution  in  cool 

state.    The  results  of  re  shown  in  Tables  29  and  30« 


Absorption  of  Plain 

vacuus 

hrs.  at  105°  C.,  ia  wat 

g? :       of  con'  .     ion  of  X0,£,  2 
calc. 

0, 

■ 
;=  hx-s. 
chlor.  sol. 3  at  105°C. 

[pl9 


40  li 

5»  l  ■ 

-  in 


It 

->s  the 
xdsted  by 
a  of  re  s  not  enough 

i  this 


